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© New glucanes (Astraglucanes) and their mixture 
with other polysaccharides extracted from the roots 
and rhizomes of Astragalus membranaceus and oth- 
er species, endowed with immunomodulating prop- 
erties, are disclosed. These new products find their 
application as an aid in radiation antineoplastic ther- 
apy, in chemotherapy and in the treatment and pre- 
vention of bacterial and viral infections. Said pro- 
ducts are active by oral route and after injection and 
are suitable for incorporation into the most common 
pharmaceutical formulations. 
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POLYSACCHARIDES WITH IMMUNOMODULATiNG PROPERTIES FROM ASTRAGALUS MEMBRANACEUS 
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM 



The present invention refers to polysaccharides 
with molecular weights between 12000 and 500000 
daitons, obtained from plants of the genus As- 
tragalus and characterized by a marked inv 
munomodulating activity which has been found to 
be useful in the treatment of immunodeficiency 
syndromes. 

The use of polysaccharides of bacterial or 
vegetal origin in clinical therapy is already known 
and many investigations are being performed 
world-wide to identify new molecules endowed with 
a greater activity or with a more specific mode of 
action. Among compounds of vegetal origin, men- 
tion can be made of those extracted from Ec- 
hinacea, Sabal serrulata, Eleutherococcus, etc. The 
polysaccharides extracted from these plants have 
molecular weights between 25000 and 500000 dal- 
tons and have been shown to possess in vivo and 
in vitro a stimulating effect on granulocytes and 
macrophages. 

Investigations on Astragalus originated from 
thousands of years of usage of this plant in Chi- 
nese medical practice for the prevention and treat- 
ment of various viral diseases and cancer. Recently 
published papers (J. Clin. Lab. Immunol. 25, 119- 
23, 1988 and J. Clin. Lab. Immunol. 25, 125 125- 
29, 1988) reported that fractions of Astragalus, not 
well defined chemically and prepared by means of 
procedures difficult to reproduce industrially, exert 
immunostimulating effects which are capable, for 
example, of reversing the immunodeficiency of T- 
leukocytes from cancer patients. The fraction de- 
fined as F3 on the basis of the preparation se- 
quence, containing 50% of carbohydrates and less 
than 1% of proteins (the nature of the remaining 
49% being unknown) and possessing a molecular 
weight of 20000-25000 daitons, has also been 
found to restore the organic defenses impaired by 
cyclophosphamide treatment. These observations 
have led to preliminary controlled clinical trials of 
raw extracts of Astragalus in China. In previous 
studies (Dissertation Thesis, McLaughlin, 1986), it 
had been possible to isolate from the roots of 
Astragalus membranaceus some polysaccharides 
characterized by molecular weights of about 25000 
daitons which consisted of galactose, arabinose 
and xylose and were endowed with generic im- 
munomodulating properties. 

Surprisingly, it has been found that the frac- 
tions obtained by using the procedure in the 
present invention exert greater im munomodulating 
effects than those exhibited by compounds known 
from the prior art. The compounds described in the 
present invention (Astroglucanes A, B and C) are 



new and characterized by a well defined chemical 
composition, which can be documented chemically 
and spectroscopically. Their molecular weights, de- 
termined by a combination of Gel Permeation and 

5 Laser Light Scattering System, range between 
12000 and 500000. Their basic structure consists 
of sequences of 1 ,3-beta-glucose with a branched 
arrangement and repeating olygomeric unit. 

To prepare these compounds, the finely 

w ground roots of Astragalus membranaceus are ex- 
tracted until exhaustion with aliphatic alcohols, pref- 
erably with 95% ethanol or with water and subse- 
quently with alcohols starting at a concentration of 
20% which may be increased up to 50%, in order 

75 to remove in the former case lipophilic substances 
and low molecular weight compounds and in the 
latter case polysaccharides with a molecular weight 
below 30000 daitons. The product is subsequently 
treated with aqueous alkali, according to known 

20 procedures reported in the literature for the isola- 
tion of mucopolysaccharide substances (Arzneim. 
Forsch. 35, 1069-75, 1985), and digested at tem- 
peratures between -2*C and 45* C, preferably at 
room temperature. After a period ranging from 3 to 

25 30 hours, the reaction medium in which the hy- 
drolysis of the proteins and the saponification of 
various ester groups of the lipids took place is 
adjusted to a pH between 6 and 7.5 with mineral or 
organic acids, preferably with acetic acid, and heat- 

30 ed to the boiling point for 3 hours. Under these 
conditions, boiling results in virtually complete de- 
naturation of the proteins, which precipitate on the 
product, and in solubilization of the polysac- 
charides. After this treatment, the product is per- 

35 colated in boiling water and re-extracted under the 
same conditions until complete exhaustion in the 
desired polysaccharides, which are then precipitat- 
ed by treatment with alcohols as described below. 
The pooled aqueous extracts are concentrated un- 

40 der vacuum to a volume corresponding to 1 to 5 
times the weight of the untreated raw vegetal ma- 
terial. The concentrate is clarified by supercen- 
trifugation in order to remove the protein floc- 
culates and the insoluble cellulose materials. The 

45 clarified liquid is poured under vigorous agitation 
into 95% ethanol at a volume ranging from 1 to 4 
times the volume of the fluid containing the poly- 
saccharides. Under these conditions an abundant 
precipitate formed, which after drying is dialyzed 

50 through membranes with a cut-off around 10000 in 
order to remove simple carbohydrates, peptides, 
amino acids and residual salts. The undesired ma- 
terial mentioned above is discarded and the aque- 
ous phase is concentrated under vacuum and 
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precipitated with an appropriate volume of 
isopropanol. The isolation of single polysaccharides 
is carried out by preparative HPLC using exclusion 
columns (Aquapor) capable of separating products 
with molecular weights ranging between 10000 and 5 
500000. The isolated products are checked by Gel 
Permeation and 13 C-NMR. 

Alternatively, the alkaline extraction solution 
may be filtered accurately and diluted with ethanol 
up to 35% proportion of alcohol in order to directly 10 
separate the polysaccharides of high molecular 
weight described in the present invention. The raw 
solid material obtained may subsequently be puri- 
fied by re-solubilization in water at pH 9 and re- 
precipitation in alcohol in order to remove non- is 
mucopolysaccharide impurities. Alternatively the 
products described in the present invention may 
also be isolated by filtering the neutral or alkaline 
solution through membranes with a suitable cut-off. 
The main product of the polysaccharide fraction 20 
obtained by using the procedure described in the 
present invention has molecular weight of 456000 
and contains as sugars only glucose, determined 
by GLC with a beta 1,3-glucoside bond determined 
by NMR. 25 

In vitro and in vivo tests were carried out to 
evaluate the biological" activity of these new poly- 
saccharides on parameters of immune responses 
dependent on the direct or indirect activation of 
different immunocyte or accessory cell subpopula- 30 
tions. In vitro, the tests substances, already at a 
dose as low as 10 mcg/ml, significantly increase 
the blastization index in mixed lymphocyte cultures 
and the granulopexis of macrophages or polymor- 
phonucleates derived from human blood. In vivo, 35 
already at a dosage of 25 mg/kg given orally~or 
intraperitoneal^ for three days, these substances 
exert a significant protecting action against the 
otherwise fatal infection from Candida albicans in 
CD1 mice treated with antibiotics aggravating the 40 
mycosis (tetracycline). In addition, it has been pos- 
sible to document in vitro and in vivo the proliferat- 
ing response of spleen T lymphocytes exposed to 
various mitogens such as concanavalin A and Es- 
cherichia coli lipopolysaccharides in CDF1 mice by 45 
adding, after incubation, labelled thimidine. The 
results mentioned above were obtained by using 
the pure individual compounds or their mixtures, 
the latter including also polysaccharide fractions 
known from prior art, such as those isolated by 50 
fractioning the aqueous or hydroalcoholic extract 
with 40% ethanol and with membranes or gel- 
filtration. 

As far the clinical application of these new 
therapeutic agents is concerned, surprising results 55 
were obtained by treating patients who had under- 
gone surgical excision of tumour masses from the 
larynx, the colon, the breast and the lung. The 



278 A1 4 



benefits achieved in these patients included a fall 
in relapse rate and a prolongation of survival. 
These substances were also found to be valuable 
for the prevention and treatment of infections in- 
duced by the most common viruses and by the 
AIDS virus itself. The polysaccharides described in 
the present invention can be used alone or in 
combination with polysaccharides described pre- 
viously, even though the latter are per se char- 
acterized by a lower specific activity. In some 
cases, the combination of these two products re- 
sults in synergistic effects which may usefully be 
applied for less expensive treatments of frequently 
occurring diseases. 

The products described in the present inven- 
tion may be used in the most common pharmaceu- 
tical formulations at dosages ranging from 10 to 
100 mg/kg. 

The following examples illustrate the methods 
for the isolation of the products described in the 
present invention, without representing a limitation 
in any way. 

EXAMPLE ^Preparation of Astraglucane A 

10 kg of finely ground roots of Astragalus 
membranaceus are extracted with 95% ethanol un- 
til exhaustion of the substances solubilized by this 
solvent. The residual vegetal material is re-extract- 
ed with boiling water in order to extract the glucide 
components which will subsequently undergo the 
fractioning process. The wet residue is treated with 
5 volumes of a 1 N NaOH solution and left to stand 
for 12 hours. The alkaline solution is separated and 
the vegetal material is re-extracted again with 1N 
NaOH at room temperature. The filtered alkaline 
solution is neutralized, reduced in volume under 
vacuum and subsequently diluted with ethanol in a 
proportion up to 50%. This results in the formation 
of an abundant precipitate which is filtered and 
dried under vacuum. This precipitate, which con- 
sists of a mixture of high molecular weight poly- 
glucanes, is redissolved in 20 volumes of water 
and precipitated again in ethanol with a proportion 
of alcohol up to 35%. The resulting precipitate is a 
white, solid materia! which consists predominantly 
of substances with molecular weight above 200000 
daltons. This material is re-dissolved in distilled 
water. Subsequently, ethanol is added up to a 30% 
proportion of alcohol. After solubilization in water 
and filtration, the final material is lyophilized. This 
procedure yields 350 g of a product having the 
following physico-chemical characteristics: melting 
point 270 *C (with decomposition), signals of pro- 
tons on -CH- at 3.5-4.5 ppm at 1 H-NMR (D 2 0) 
testing. 

This compound is denominated Astraglucane A 
and possesses considerable immunomodulating 
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activity. 

EXAMPLE 2:Preparation of Astragiucane B 

10 kg of ground roots of Astragalus mem- 
branaceus are extracted with 50 I of boiling water 
for three times. The aqueous extract is concen- 
trated under vacuum to one third of its original 
volume and is then diluted with isopropanol up to. a 
30% proportion of alcohol: the resulting rubber-like 
precipitate is finely divided in pure isopropanol in 
order to remove lipide impurities. The residue is re- 
dissolved in 10 volumes (w/v) of distilled water and 
the solute is poured under vigorous shaking into an 
equal volume of isopropanol: an abundant white 
precipitate forms which is centrifuged and dried. 
The final solid material consists of a mixture of 
three glucanes with molecular weights ranging be- 
tween 125000 and 250000 daltons, the most abun- 
dant of which is a glucane with a molecular weight 
of 213000. 

EXAMPLE ^Preparation of the total polysaccharide 
mixture 

10 kg of roots of Astragalus membranaceus are 
extracted with 100 I of 95% ethanol under reflux for 
4 hours. The alcoholic solution is discarded and the 
vegetal material is extracted with 100 I of 20% 
aqueous ethanol. The hydroalcoholic extract is con- 
centrated under vacuum to a 10 I volume at a 
temperature of 50° C. The aqueous solution is de- 
colourized at 50 *C with 100 g of activated vegetal 
charcoal and is then diluted under continuous agi- 
tation with 40 I of 95% ethanol. The resulting 
precipitate is collected by decanting. The super- 
natant is discarded and the solid material is set 
apart. The vegetal material obtained by extraction 
with 20% ethanol, as described above, is treated 
with 50 1 1N NaOH and left to stand at 14* C for 12 
hours. The solution and the vegetal material are 
neutralized at pH 7 and heated to the boiling point 
for 2 hours. The vegetal material is filtered at a 
temperature of about 70 *C and the extract, de- 
colourized with 100 g of activated vegetal charcoal, 
is concentrated to 8 I. After filtering to remove the 
flocculated material, the concentrate is poured into 
10 I of 95% ethanol. The resulting solid precipitate 
is collected and added to the material obtained 
above from the neutral hydroalcoholic extraction. 
The pooled solid materials are dissolved in 5 I of 
water and the resulting solution is poured under 
vigorous shaking into 20 I of isopropanol. After 
drying under vacuum overnight, 420 g of the final 
product are obtained which consist of a polysac- 
charide mixture containing substances with molec- 
ular weights ranging from 12000 to 500000 daltons. 



EXAMPLE 4:Preparation of the total polysaccharide 
fraction 

10 kg of finely ground roots of Astragalus 
5 membranaceus are treated according to the proce- 
dure described in Example 3. After the alkaline 
treatment of the vegetal material, the extract, in- 
stead of being neutralized and heated, is simply 
diluted with ethanol up to a 20% proportion of 
w alcohol. The precipitate obtained after solubilization 
and re-precipitation is added to the residues ob- 
tained previously and the resulting pooled material 
suspended in 10 I of water is dialyzed using mem- 
branes with cut-off 10000. The non dialyzable 
is phase contains all the desired substances and is 
lyophilized, to obtain 380 g of a product having 
marked immunostimulating activity. 

Claims 

20 

1. Polysaccharides of molecular weight from 
12000 to 500000 daltons extracted from the 
roots of plants belonging to the genus As- 
tragalus. 

25 

2. Polysaccharides of claim 1 , extracted from the 
roots of Astragalus membranaceus. 

3. Polysaccharides of claims 1 and 2, having 
30 molecular weight from 125000 to 250000 dal- 
tons. 

4. Polysaccharides of claims 1 and 2, having 
molecular weight of 456000 daltons. 

35 

5. Polysaccharides of claims 1 and 2, having 
molecular weight of 213000 daltons. 

6. A process for the preparation of the polysac- 
40 charides of the preceding claims, in which 

process finely ground roots of Astragalus 
membranaceus are subjected to the following 
steps: 

a) removal of lipophilic substances by ex- 
45 traction with aliphatic alcohols; 

b) removal of polysaccharides of molecular 
weight below 30000 daltons, by extraction 
with alcohols containing from about 20 to 
about 50% water; 

50 c) digestion with aqueous alkali at tempera- 

tures from -2 to +45* C for 3-30 hours; 
d) purification of the polysaccharide fraction 
by means of one or more of following steps: 
1) precipitation of the proteins by denatur- 

55 ation in acids, followed by extraction of the 

drug with boiling water and concentration 
under reduced pressure of the aqueous ex- 
tracts, which then are subjected to pro- 
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cesses of clarification, precipitation, dialysis, 
preparative HPCL, lyophilization, in appro- 
priate sequence; 

2) precipitation of the high molecular weight 
polysaccharides by dilution with ethanol to a 5 
35% proportion, followed by re-dissolution 

in water and re-precipitation with alcohol; 

3) filtration through membranes with appro- 
priate cut-off, 

10 

7. Pharmaceutical compositions containing as the 
active ingredient the polysaccharides of claims 
1-5 in admixture with a suitable carrier. 



8> The use of one of the polysaccharides of 75 
claims 1-5 for the preparation of a medicament 
having immunostimulating activity. 

Claim for the Contracting States: ES, GR. 

20 

1. A process for the preparation of polysac- 
charides of molecular weight from 12000 to 
500000 daltons extracted from the roots of 
plants belonging to the genus Astragalus, in 
which process finely ground roots of As- 25 
tragalus membranaceus are subjected to the 
following steps: ~ 

a) removal of lipophilic substances by ex- 
traction with aliphatic alcohols; 

b) removal of polysaccharides of molecular 30 
weight below 30000 daltons, by extraction 

with alcohols containing from about 20 to 
about 50% water; 

c) digestion with aqueous alkali at tempera- 
tures from -2 to + 45 * C for 3-30 hours; 35 

d) purification of the polysaccharide fraction 
by means of one or more of following steps: 

1) precipitation of the proteins by denatur- 
ation in acids, followed by extraction of the 
drug with boiling water and concentration 40 
under reduced pressure of the aqueous ex- 
tracts, which then are subjected to pro- 
cesses of clarification, precipitation, dialysis, 
preparative HPCL, lyophlization, in appro- 
priate sequence; 45 

2) precipitation of the high molecular weight 
polysaccharides by dilution with ethanol to a 
35% proportion, followed by re-dissolution 
in water and re-precipitation with alcohol; 

3) filtration through membranes with appro- so 
priate cut-off. 
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